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Agent-Based Distributed Concurrent Design System Architecture
Synchronized with System Structure
Kikuo FUJITA and Shinsuke AKAGI
This paper proposes an agent-based distributed concurrent design system architecture for complicated,
large engineering systems and develops its experimental implementation for basic ship design. First,
dependency and concurrency in design activities of engineering systems are discussed from the viewpoints of
hierarchical system structure and entity-and-attribute relationship, and it reveals the possibilities of concurrent
execution of design operations under systematic viewpoint. Second, the design operations are classified into
assigning system attributes, selecting system components, adjusting system structures and configuring spatial
arrangement. In the architecture, design operations for attributes that are major parts are modeled with object
orientation, and they are distributed to agents by extending an object-oriented programming technique to an
agent approach. The others are encapsulated as independent task agents. After describing key concepts for its
computer implementation, this paper shows an application to basic ship design.
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Fig. 1 System-level dependency and concurrency
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Fig. 4 State transition map for redesign mechanism
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agents through receptors
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Fig. 6 Communication server based agent communi-
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Fig. 8 Design process of basic ship design
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Main engine selection
>>> I RECOMMEND NEXT CADIDATES 
>>> FROM POINT OF FUEL-CONSUMPTION [ GRAN/PS/HOUR ].
     C-6UEC60LA 6UEC60LA  118.831055  
     C-6RTA62   6RTA62    121.31465   
     C-4RTA76   4RTA76    121.375275  
>>> I RECOMMEND NEXT CADIDATES 
>>> FROM POINT OF PRICE [ YEN ].
     C-4RTA62   4RTA62    278880000.  
     C-4RTA68   4RTA68    330400000.  
     C-7RTA52   7RTA52    343000000.  
>>> I RECOMMEND NEXT CADIDATES 
>>> FROM POINT OF TOTAL-COST [ YEN ].
     C-4RTA62   4RTA62    278880000.  
     C-4RTA68   4RTA68    330400000.  
     C-7RTA52   7RTA52    343000000.  
            :
            :
----- Design result of phase  2 -----------------------------------------
 APPROX-REQUIRED-PS-MCO     | 8650.57 |
 KIND of MAIN-ENGINE        | 4RTA62  |
 PS                         | 8650.57 |
 RPM                        | 89.9204 |
 PS-MCO of MAIN-ENGINE      | 9960.0  |
 N-MCO of MAIN-ENGINE       | 102.0   |
 LENGTH of MAIN-ENGINE      | 6400.0  |
 FUEL-CONSUMPTION of MAIN-E | 127.0   |
--------------------------------------------------------------------------
2
Principal particulars
----- Design result of phase  1 -----------------------------------------
 KIND-OF-SHIP               | BULK-CA | |         | |         |
 REQUIRED-DEAD-WEIGHT       | 38000.0 | |         | |         |
 REQUIRED-SERVICE-SPEED     | 14.9    | |         | |         |
 APPROX-FULL-LOAD-DISPLACEM | 48416.3 |+| 46790.4 | |         |
 LENGTH                     | 192.0   | |         |+| 187.38  |
 BREADTH                    | 27.3    |+| 26.3832 |-| 27.1518 |
 DEPTH                      | 15.65   |+| 15.2181 | |         |
 FULL-LOAD-DRAFT            | 11.1092 | |         | |         |
 APPROX-BLOCK-COEFFICIENT   | .811184 | |         |+| .807659 |
 APPROX-GM-ON-FULL-LOAD     | 2.48491 |+| 2.36628 |-| 2.6314  |
 APPROX-GM-ON-BALLAST       | 3.80325 |+| 3.35756 |-| 3.89717 |
 P-VALUE-ON-FULL-LOAD       | 6.47115 |-| 6.51002 |+| 6.18646 |
 P-VALUE-ON-BALLAST         | 6.49433 |-| 6.75573 |+| 6.31075 |
 TYPE-OF-MAIN-ENGINE        | LOW-SPE | |         | |         |
 APPROX-REQUIRED-PS-MCO     | 8684.14 |+| 8322.71 |-| 8650.57 |
 APPROX-LIGHT-WEIGHT        | 9390.18 |+| 9087.13 |+| 8957.73 |
 APPROX-HULL-STEEL-WEIGHT   | 7886.88 |+| 7639.23 |+| 7482.96 |
 APPROX-OUTFIT-WEIGHT       | 891.072 |+| 861.148 |-| 864.907 |
 APPROX-MACHINERY-PART-WEIG | 612.232 |+| 586.751 |-| 609.865 |
 APPROX-DEAD-WEIGHT         | 39026.1 |+| 37703.3 |-| 37832.7 |
 NEEDED-VG-ON-GRAIN-FULL-LO | 53200.0 | |         | |         |
 APPROX-VG-WITH-TOP-SIDE-TA | 53730.3 |+| 50493.1 |-| 50713.5 |
----- Diagnosis ----- 1, -------------------------------------------------
  There is no problem in this stage.
--------------------------------------------------------------------------
 Are you satisfied with this design result of phases 1 (y/n)?
--------------------------------------------------------------------------
1
Marine plant planning
>>> As a result of optimization, I recommend next 10 candidates of plant
>>> from the point of total-cost.
*********candidates-of-plant******************
   plant candidate   : total-cost [ yen/year ] 
   PLANT-135         :   7.741550e+7 
   PLANT-126         :   7.670635e+7 
   PLANT-144         :   7.619371e+7 
   PLANT-133         :   7.546621e+7 
   PLANT-132         :   7.543179e+7 
   PLANT-63          :   7.522181e+7 
   PLANT-124         :   7.475707e+7 
   PLANT-134         :   7.471808e+7 
   PLANT-141         :   7.461728e+7 
   PLANT-54          :   7.451266e+7 
**********************************************
             :
>>> I show you the arrangement of this plant.
**********************************************
   Plant No.        -- 135
   Main Engine      -- 4RTA62
   Turbo Generator  -- T*G-TYPE2 x 3
   Diesel Generator -- D*G-TYPE1 x 2
   Shaft Generator  -- S*G-TYPE1 x 1
   Auxiliary Boiler -- A*B-TYPE2 x 3
   Economizer       -- E*E-TYPE1 x 1
**********************************************
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Fig. 9 Distributed basic ship design system
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